. Proponents of the role of interaction in structuring parasite communities tend to study rich intestinal faunas and interpret their results in terms of interactions described for free-living communities. Those working with species-poor assemblages, however, tend to find little evidence of interactions in such assemblages (Kennedy et al., 1986; Janovy and Hardin, 1988). In speciespoor assemblages, interactions among species are considered negligible and assemblage structure is attributed to host/parasite interactions, in a manner consistent with the prediction of Price (1980, 1984) . A corollary to this theory is that parasite species assemblages should behave as accumulations of multiple-kind items drawn from a population in which only the relative probability of drawing each kind varies. Janovy and Hardin (1987, 1988 ) studied a relatively impoverished assemblage of fish parasite species. The study described an assemblage of 7 parasites in the plains killifish Fundulus zebrinus. The samples were collected over a 5-yr period from a braided river in which streamflow fluctuated. The results from these 2 studies suggest that the abiotic conditions, primarily previous year's streamflow, influenced the probabilities of infection with the different parasite species. It has been proposed further that the F. zebrinus system behaves as a Monte Carlo model in which parasites are drawn at random from a supraassemblage (i.e., environment) of infective stages (Janovy et al., 1990). The present study is an attempt to test the predictions of Janovy and Hardin (1988) and Janovy et al. (1990) by extending the work to a different host species. The host species, the minnow Pimephales promelas, was chosen for study because it has a geographical distribution much broader, and an ecological distribution narrower, than that of plains killifish (Pflieger, 1975 trematodes were treated as separate types in the results and discussion sections. With respect to the above system the following questions were addressed:
(1) Do assemblages of parasites behave as collections of multiple kind independent sampling events in which only the relative probability of infection varies?
(2) When statistically significant positive associations occur between parasite species, both in prevalence and density, can the associations be explained best by ecological cooccurrence between infective stages? (3) Does the assemblage structure tend to be a function of previous year abiotic conditions?
MATERIALS AND METHODS
In the present study, samples were taken from 4 sites, 2 in the South Platte River, and 2 in the North Platte River. These 2 rivers differ both ecologically and in terms of their geological history (Bentall, 1975) . The South Platte River is a typical braided plains river. Snow melt is the main source of water and in the summer the depth rarely exceeds 50 cm, except in holes around bridges and debris. The North Platte River differs mainly in that the water flow is controlled by humans. The amount of flow fluctuates greatly and often in the course of a summer. During low water times, the physical attributes of the North Platte resemble those of the South Platte River. High discharge rates change the structure of the river dramatically; during those weeks the average depth can reach up to 150 cm and up to 400 cm in piling holes. Samples were taken from the South Platte River from a 1.0-km reach at Brule, Nebraska, and from a 2.0-km reach 5.0 km east of Roscoe, Nebraska. Samples were taken from the North Platte River from a 0.5-km reach, including a connecting pond, at Paxton, Nebraska, and from a 0.5-km reach, including a connecting stream, at Sutherland, Nebraska. Pimephales promelas samples were collected by seining. Fish were examined at the Cedar Point Biological Station, 13 km north of Ogallala, Nebraska, in the summer and at the University of Nebraska-Lincoln in the early spring and fall. Twenty-nine samples containing a total of 456 fish were collected over a 2-yr period. Collection sites, dates, and sample sizes are given in Table I . Sample sizes were determined either by the number captured or by the number that could be examined within a 72-hr period. Fluctuating streamflow did not always allow for scheduled collections of equal sample sizes; however, an attempt was made to space the collections over the year to account for seasonal differences and to collect from the 4 sites within 3 wk of each other.
Each fish was measured (cm) and the gill arches were excised. Gill bars were laid anterior (outside) face up in sequence on a microscope slide. A coverslip was added and the fresh preparation examined under 100 x magnification for the presence of parasites. The parasites were identified and counted. The gills then were turned over, the posterior (inside) face examined, and counts and measurements recorded as described. The body and eyes of the fish were then dissected and the parasites found also were identified and counted.
Discharge rates of the North and South Platte rivers were obtained from the Nebraska Department of Water Resources for gauging stations closest to the areas of study. Records for the North Platte River were obtained from the Sutherland station, reference #06691000. The station at North Platte, Nebraska, reference #06765500, was the source of the streamflow records for the South Platte River. The data are summarized for water years (1 October-30 September) and for calendar years. The data for the 1988 and 1989 water and calendar years are summarized in Table II. Five numerical descriptors were used to characterize the parasite species assemblages. Diversity was expressed by the Shannon H' index, calculated using log p, at 2 levels, the individual host, or infraassemblage, level (H'IA) and at the host population level, or sample assemblage level (H'SA). H'SA is the diversity index of an assemblage of parasite species in a sample of host individuals and should be considered an estimate, from one sample, of what the ecologists term "component 
RESULTS

Assemblage diversity
Lorenz equitabilities for each site (combined years), each year (combined sites), and overall (all years and sites combined), as well as order of abundance for the 7 parasite types, are given in Table III . Over space and time, body cavity metacercaria and Trichodina sp. were the most abundant parasites. The least abundant types were eye metacercaria and Gyrodactylus sp. and the relative positions of the other assemblage members varied according to sites and years.
Correlations between annual streamflow, mean infraassemblage diversity, sample assemblage diversity, species density, and equitability for the 29 samples are given in Table IV . In no case was the correlation coefficient between a diversity indicator value and previous calendar or water year streamflow high enough to reject the hypothesis of independence. However, species density was significantly and negatively correlated with both the current calendar and water year streamflow, although the correlation coefficient values were relatively low.
Correlations between annual streamflow and assemblage descriptors were calculated separately for the 16 samples collected from the North 
Assemblage description
Two of the 29 model species density distributions differed from the field distributions when differences were assessed by means of ANOVA The dynamic behavior of the parasite assemblage, in fluctuating conditions, was summarized by using correlation matrices (Table V) and regression lines (Figs. 1-3 ) relating species density, mean infraassemblage diversity, and sample assemblage diversity, to mean prevalence, over time and space. The correlation matrices (Table V) indicated that all of the values were significantly and positively correlated in both the field and the model data. However, the correlation coefficients between the population level descriptors and the individual level descriptors were lower in the field data than in the model data. Figure 1 relates mean prevalence to species density for field data, represented by the solid line, and model data, represented by the dashed line. There was a positive correlation between species density and mean prevalence in both the field and the model data; in fact, the slopes of the 2 regression lines were nearly the same. The relationship between infraassemblage diversity and mean prevalence was strong in both the field and model data (Fig. 2) . When sample assemblage diversity was compared to mean prevalence, there was a positive correlation for both data sets; however, the field data indicated a weaker relationship than the model predicted (Fig. 3) . tylus hoffmani prevalence and density values. Gyrodactylus sp. prevalence also was positively correlated with the Trichodina sp. prevalence; however, the prevalence correlation between the 2 Gyrodactylus species was not significantly different from zero. The correlation between the prevalence of the 2 Neascus types also was significantly different from zero. The relative densities of the two Gyrodactylus species were positively correlated. Aside from the prevalence correlations of the Gyrodactylus species with Trichodina sp., as well as the density correlation with themselves, the density correlation of Trichodina sp. and the body surface gyrodactylid, and the Neascus prevalence correlation, none of the other values was high enough to reject the independence hypothesis. Negative correlations between prevalences or relative densities were not significantly different from zero.
Cooccurrence of parasite species
DISCUSSION
The results from this study are consistent with the predictions of Janovy and Hardin (1988) and Janovy et al. (1990) . That is, the data presented suggest that over extended time and space this species-poor assemblage of parasites behaves as a collection of independent sampling events in which only the relative probability of infection with various parasite species varies. The correlation matrices relating the assemblage descriptors (Table V) structuring mechanisms for the individual parasite populations. The regression line relating sample assemblage diversity and mean prevalence acquired a negative slope when multiple population aggregating mechanisms were employed. In the present study, even though the slope of the regression line relating sample assemblage diversity and mean prevalence was lower in the field data than in the model data, the relationship still was significantly and positively correlated.
The predictions ofJanovy et al. (1990) indicate an uncoupling of component community diversity (=H'SA approximately) from intracommunity diversity (H'IA) and from mean prevalence, over a wide range of prevalences, when competition is introduced into the system prior to the sampling of the parasite supraassemblage by the fish. Because this uncoupling was not observed in the field data, the most appropriate interpretation of these data is that competition likely did not occur prior to the dissection and counting of parasites in the laboratory. Had it occurred in a manner that affected either numbers or presence/ absence of potential competitors, then that effect should have appeared in the figures and in Table V.
The P. promelas field data were best described by a model in which a single population structuring mechanism operates, suggesting that in nature, aggregating mechanisms are of environmental origin and act on all parasite species more or less uniformly. That is, the parasite populations seem to be aggregated by a similar mechanism, possibly of environmental origin. This result suggests that abiotic factors in the host's environment that influence the probability of infection may play an important role in structuring parasite species assemblages. If the abiotic environment is a significant parasite assemblage structuring force, then sampling regimes may dictate results, thus, clouding our picture of parasite community ecology. The results of this study do not refute the conclusions of those who argue for interactive assemblages in species-poor hosts (Goater and Bush, 1988). However, the data suggest that these biotic interactions often may be masked by the effects of abiotic factors, especially in species-poor assemblages.
The relationships between diversity indicators and streamflow differ for the assemblages collected from the North Platte River and the South Platte River. The previous calendar year streamflow is negatively correlated with both the current calendar and water year streamflow and with the previous water year streamflow in the North Platte River. These correlations illustrate the variability of streamflow between years and within 1 yr in the North Platte River. The South Platte River streamflow, however, remained positively correlated between the 2 yr, illustrating the dependency of streamflow in the South Platte River on natural forces. In the South Platte River the individual level assemblage descriptors were negatively correlated with streamflow, whereas the sample level descriptors showed a positive relationship with streamflow. In the North Platte River, however, all of the diversity values were negatively related to current year streamflow. These observations suggest that within-year variability in streamflow influences the stability and structure of parasite assemblage structure.
Both of the species frequency distributions that required an increased model sampling rate to mimic the field distributions corresponded to low streamflow months (North Platte River, May 1989, 3.5 m3/sec; South Platte River, August 1989, 4.0 m3/sec). As Janovy and Hardin (1988) pointed out, low water in a braided river creates excellent conditions for the survival of many intermediate hosts such as snails and oligochaetes. Evidently, the North Platte River conditions in May 1989 and the South Platte River conditions in August 1989 provided a situation in which hosts were exposed to infective stages more often than during the other collection periods.
